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APPARATUS AND METHOD FOR PCB WINDING 
PLANAR MAGNETIC DEVICES 

RELATED APPLICATIONS 

This application is a divisional of U.S. Application No. 10/167,944, filed 
5 June 11, 2002 which is a divisional of U.S. Application No. 09/496,150 filed 

February 1, 2000, now U.S. Patent No. 6,429,763. The entire teachings of the above 
applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Magnetic devices, such as DC to DC power supplies, isolation transformers, 

1 0 voltage step down transformers, and inductors are needed in various electronic 

circuits. It is time consuming and difficult to insert discrete packaged transformer 
and inductor components onto a printed circuit board (i.e., PCB), and the high 
profile of these parts is not compatible with many types of finished products, such as 
cell phones, personal digital assistants (i.e., PDAs), and notebook computers. 

15 Further, the wave soldered thru hole connections, or the surface mount soldering 
pads, required for attaching these transformers or inductors to the PCB provide 
further opportunities for the introduction of fatal manufacturing defects, especially 
with current PCBs typically having as many as 20 conductive layers. 

To solve the discrete component problem for transformers and inductors on 

20 PCBs discussed above, it is known to use the various individual conductor layers 

that comprise a typical PCB to create planar electrical coils through which electrical 
currents are propagated to create a magnetic field. By stacking such coils, for 
example one coil per conductor layer of the PCB, one on top of the other, and by 
connecting the individual coils together by means of what are known as vias in the 

25 PCB, it is possible to create stacked inductive coils having reasonably small size and 
sufficient total inductance values. 

By interleaving the coils and separating the electrical connections into two 
groups, one group, for example the odd numbered layers, as a primary winding, and 
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the second group, for example the even numbered layers, as the secondary winding, 
then the stacked inductors may be formed into a power transformer. To illustrate 
the transformer formation with a ten to one step down voltage transformation, the 
first layer would be a primary ten turn winding, the second layer would be a 
5 secondary one turn winding, the third layer would be another primary ten turn 

winding, and so on through as many of the PCB layers as are desired to achieve the 
necessary current and magnetic field, or until the last available PCB layer is reached. 

However, there is a problem with the planar coils described above. The need 
to make electrical connections through the insulating layers separating the 

10 conductive layers of the PCB disrupts the direction and flow of electrical current and 
creates what is known as leakage inductance. Leakage inductance reduces the 
magnetic coupling between windings of the transformer, and increases thermal 
management problems and consequently reduces component lifetime. The need to 
make layer to layer contact also results in increased length of the conductor runs, 

1 5 and consequent increased winding resistance, and thus again increased thermal 
management problems. 

Therefore, a problem exists with efficiently making contact between planar 
coils, and in laying out the coils to maximize the layer to layer overlap, and thus the 
total inductance, while minimizing the total coil length and the number of contacts 

20 outside the magnetic field area. 

SUMMARY OF THE INVENTION 

An apparatus and method for providing planar magnetic fields for PCB 
inductance and voltage transformation is presented having a typical PCB with 
multiple conductive layers electrically separated by insulating layers. A set of 

25 primary windings and secondary windings having a specified order are arranged on 
the layers of the PCB to form the magnetic device. In a preferred embodiment of the 
invention, a first primary winding is created on a first one of the conductive layers of 
the PCB, a first secondary winding is created on a second conductive layer of the 
PCB directly below the first winding. A second primary winding is created on the 

30 third conductive layer of the PCB, and a second secondary winding is created on a 
fourth conductive layer of the PCB, continuing in this fashion until each one of the 
desired number of primary and secondary windings are created within a PCB. 
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In another embodiment of the invention, the odd numbered primary windings 
spiral inward toward a core region in either a clockwise or counter clockwise 
direction, and the even numbered primary windings spiral outward from the core 
region in the same direction as the odd numbered primary windings. Also the odd 
5 numbered secondary windings spiral inward toward the core region, and the even 
numbered secondary windings spiral outward from the core region in the same 
direction as the odd numbered secondary windings. In an alternate embodiment of 
the invention, the odd numbered secondary windings spiral outward from the core 
region rather than inward, and the even numbered secondary windings spiral inward, 

10 In a fiirther embodiment of the invention, the number of conductive PCB 

layers is smaller than the needed number of primary and secondary windings. The 
remaining number of required windings are created on one or two small 
multilayered PCBs, which are attached to the surface of the PCB, t5^ically directly 
above or below the PCB winding, in order to continue the coil stack. 

15 In another embodiment of the invention, all of the electrical 

connections between coils on different PCB layers are made inside the magnetic 
field area of the coil stack to reduce leakage inductance. 

In yet another embodiment of the invention, the odd numbered ones of the 
coils are connected together in series to form the primary windings of a transformer, 

20 and the even numbered ones are electrically connected together in parallel to form 
the secondary windings of the transformer. In an alternate embodiment the 
secondary windings are single turn coils. 

A PCB winding technique is presented that minimizes the number and length 
of layer to layer interconnections, and provides the interconnections inside the 

25 magnetic field of a magnetic device built on a PCB. This improves the high 
parasitic losses found in present planar magnetic winding techniques. The 
improvement is due to better usage of the area of conductive material (i.e., Copper) 
inside the magnetic field area since less conductive material is used for layer to layer 
interconnection. This is accomplished by spiraling the first layer inward towards the 

30 magnetic core, then the next interconnected layer down spirals outward away from 
the core, etc. By making all of the magnetic connections inside the magnetic field 
area, the usual leakage inductance is minimized, and reducing the overall length of 
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the windings by not leaving the magnetic field area to make connects, the electrical 
resistance of the winding is reduced, thereby reducing parasitic current loss and 
unwanted component heating. 

BRffiF DESCRIPTION OF THE DRAWINGS 
5 The foregoing and other objects, features and advantages of the invention 

will be apparent from the following more particular description of preferred 
embodiments of the invention, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout the different views. The 
drawings are not necessarily to scale, emphasis instead being placed upon 
10 illustrating the principles of the invention. 

Fig. 1 is a top view of a first conductor layer; 
Fig. 2 is a top view of a second conductor layer; 
Fig. 3 is a top view of a third conductor layer; 
Fig, 4 is a top view of a fourth conductor layer; 
15 Fig. 5 is a top view of a fifth conductor layer; 

Fig. 6 is a top view of a sixth conductor layer; 
Fig. 7 is a top view of a seventh conductor layer; 
Fig. 8 is a top view of a eighth conductor layer; and 
Fig. 9 is a transformer circuit schematic of a preferred embodiment of the 
20 invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A description of preferred embodiments of the invention follows. 

The invention will be described with reference to an illustrative example of a 

ten to one voltage step down transformer. The specific direction, placement and 
25 number of turns of the spiral coils depends upon the device characteristics desired, 

and the invention is not limited to the specific examples shown, but rather the 

principles of the invention may be applied to other types of planar coil inductors, 

transformers and other magnetic devices. 

Figure 1 shows a top view of a first conductor layer 10 disposed typically on 
30 the top layer of a PCB 12, or alternatively on the first buried conductor layer inside 

the PCB. The conductor 10 may be intended for either a magnetic device such as 
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an inductor or for a transformer. In the case of a inductor, all of the various 
conductor layers such as 10 will be wound having as many turns of the coil as 
possible on each layer, compatible with the required winding resistance, the PCB 
spacing requirements and allowable PCB area. To increase the total inductance of 
5 an inductor it is possible to insert a ferrite material into the central axis of the coil. 
In the present preferred illustrative embodiment of the invention, the PCB 12 has a 
hole 14 (shown with shading) disposed to accept a ferrite core in all of the PCB 
layers, but this is not a requirement of the invention. 

The conductor layer 10 is preferably formed into a coil 16, in this illustrative 

10 embodiment of the invention, having a clockwise inward spiral toward the central 
core 14. The first coil 16 in this example is shown as a first primary winding of an 
illustrative ten to one voltage step down transformer. The first primary winding, 
coil 16, shown as having 2.5 turns, has a primary current input at via 18, firom an 
outside current source, not shown. The first primary coil 16 leaves the first 

15 conductor layer 10 at via 20, which passes through the PCB 12 second conductive 
layer without making electrical contact in this illustrative embodiment, and 
electrically connects to the third conductive layer. Notice that the via 20 is within 
the magnetic field delineated on the inside by the hole 14 in the PCB 12, and on the 
outside by the edge of the coil 16. This arrangement reduces what is known as 

20 leakage inductance. 

Notice that there are unused vias 22, 24, 26, 32 and 34. In PCB 
manufacturing it is simpler and cheaper to have all vias pass completely through the 
entire board, and only make contact to those vias that are needed on each layer. This 
results in a certain amount of wasted space and lost coil to coil area as may be seen 

25 by the lost conductor area of coil 16 in the region of via 22. This lost conductor area 
reduces the total inductance of the coil and maybe at least partly eliminated by the 
use of what are known as blind vias in the PCB. However blind vias increase the 
overall PCB cost. 

Figure 2 shows a top view of a second conductor layer 30 on the next lower 
30 conductor layer of PCB 12. In this illustrative embodiment of the invention, the 
second layer 30 is a first secondary winding of a transformer. In this example of a 
ten to one voltage reduction transformer, the secondary winding 30 is a single turn 
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having an input contact at 32, and an output contact at 34. Since the illustration has 
only a single turn, there is consequently no spiral, but in an alternative embodiment 
of a simple inductor, the coil 30 would typically have 2.5 windings in a clockwise 
direction, as did the first coil 16 in figure 1 . Notice that the present example has no 
5 electrical contact between the second coil 30 and the first coil 16 since the primary 
and secondary winding of a transformer may not have any direct electrical 
connection. However, in an altemative embodiment of an inductor, the second coil 
30 would typically be connected to the same via 20 as the first coil 16 discussed in 
the first figure to provide a continuous coil. 

10 Figure 3 shows a top view of a second primary coil 40 constructed on a third 

conductor layer 42. The second primary coil 40 is a 2.5 turn clockwise outward 
spiral beginning at via 20 and ending at via 24. Notice that the end of the first 
primary coil 16 of figure 1, and the beginning of the second primary coil 40 of figure 
2, are both at via 20, and thus the coil 40 is connected in series with the coil 16, 

1 5 effectively providing a total of five turns for the primary side of the transformer. 

Figure 4 shows a top view of a second secondary coil 50 having an input at 
32 and an output at 34. Notice that the first and the second coils 30, 50 of the 
secondary side of the illustrative transformer are both connected to the same inputs 
and outputs, and are thus connected in parallel, providing greater current capability 

20 on the voltage step down side of the illustrative transformer. 

Figure 5 shows a top view of a third primary coil 60, again having 2.5 turns 
in a clockwise inward spiral, starting firom via 24 and ending at via 22. Thus coil 60 
starts where the second primary coil 40 ends, and is therefore connected in series 
with the first and the second primary coils 16, 40 in series, providing 7.5 turns in the 

25 primary coil. Notice that the example has the via 24 connecting the second and third 
primary coils placed a little outside the magnetic field area. This can be easily 
changed by placing via 24 in a notch in the coil 60 at location 62, however this will 
result in increased current resistance. The tradeoff must be resolved based upon the 
specific requirements of each magnetic device in the specific circuit design. 

30 Figure 6 shows a top view of a third secondary coil 70, again having a single 

turn connected in parallel with the first and second secondary coils 30, 50 at vias 32 
and 34. In the illustrative embodiment of this example the parallel connection of the 
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single turn secondary coils 30, 50, 70 result in an effective single turn secondary 
side of the voltage step down transformer, but having greater current handling 
capability. 

Figure 7 shows a top view of a fourth primary coil 80, again having 2.5 turns 
5 spiraling outward in a clockwise direction starting from via 22, where the third 
primary coil 60 ended, and ending at output via 26. The four coils 16, 40, 60, 80, 
each having 2.5 turns, connected in series results in a single ten turn primary side to 
the transformer. 

Figure 8 shows a top view of a fourth secondary coil 90 having a 

10 single turn and connected to the previous three secondary coils 30, 50, 70 at vias 32 
and 34, resulting in a parallel connection and a single turn secondary side to the 
illustrative transformer having four times the current carrying capability. Figure 8 
also shows primary current input line 92 attached to the primary coil input by via 1 8, 
and primary coil current output 94, connected by via 26. 

15 Figure 9 is a circuit schematic showing all four primary windings 16, 40, 60, 

80 and all four secondary windings 30, 50, 70, 90 of the preceding eight figures, 
with all of the numbering having the same meanings. Following the overall flow of 
the primary current coils from the main input line 92, to via 18 and through 2.5 
inward clockwise spiraling tums on first primary coil 16 to via 20 past the second 

20 layer 30 and connecting to the third layer, which is the second primary coil 40. Coil 
40 spirals outward 2.5 tums in a clockwise direction to via 24, and hence bypassing 
layer 4 to connect in series with layer 5, the third primary coil 60, which spirals 
clock wise inward to via 22, Via 22 leads past layer 6 and connects to coil 80 on 
layer 7, the fourth primary coil in the illustrative transformer. Coil 80 again spirals 

25 clockwise out with 2.5 tums and ends at via 26, which leads to the primary coil 
output at line 94. This results in ten total coil tums, and is the primary coil in the 
illustrative ten to one voltage set down transformer. The secondary coil is more 
easily seen since all four single tum coils 30, 50, 70 and 90 connect to the input line 
at via 32, and output line at via 34. This results in an effective single tum coil for 

30 the secondary side of the transformer. 

The alternating inward and outward spirals of adjacent coils results in the 
maximum possible coil to coil overlap and improved mutual inductance. The 
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illustration uses a clockwise direction to the spirals, but either direction is acceptable 
as long as all spirals are in the same direction to maximize overlap. The alternation 
of inward with outward spirals results in the shortest possible coil to coil 
interconnection distance, and consequently the minimum leakage inductance and 
5 winding resistance. Generally it is likely that the first coil will spiral inward and the 
last coil will spiral outward in order to shorten the input and output lead lengths, but 
this is not a requirement of the invention. 

From the above description of a preferred embodiment of a transformer, it is 
simple to see the application of the invention to a simple inductor. In the case of an 

10 inductor the coils would all be connected directly together in either the series 

connection shown for the primary side of the transformer, or in parallel as shown for 
the secondary side of the transformer, depending upon the design requirements for 
larger inductance or for larger current carrying capability. 

While this invention has been particularly shown and described with 

1 5 references to preferred embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the scope of the invention encompassed by the appended claims. 

For example, since the number of coils is ordinarily limited by the number of 
PCB layers available, if additional coils are required by the specific design, an 

20 alternate embodiment of the invention increases the available number of coils by 
attaching small daughter boards 100 of about the maximum dimension of the coils 
either above, or below, or both, of the coils already on the PCB. Each daughter 
board 100 has at least one conductive layer 110. In this fashion the number of 
available coil layers is increased without having to utilize more expensive multilayer 

25 PCBs. The area of the PCB around the outside of the coils, and in the center of the 
coils may be cut away, and the inductance increased by the addition of a ferrite core 
in the center, and magnetic return fittings connecting the ends of the ferrite core may 
pass through the cut away outside portions. 



